I. INTRODUCTION
Inverse scattering in the microwave imaging has received attention by many researchers for the past years. The research has been focused on a variety of industrial, military, medical application and geophysical [1] [2] [3] [4] . The reason for this is because microwave imaging has enormous advantages to infer the characteristic of embedded objects in a given medium illuminated by electromagnetic waves. This technique can directly provide the distribution of the dielectric properties, shape and also the location of the embedded object. Besides, this technique is less expensive compared to the some wellknown technique such as the computed tomography and positron emission tomography. Furthermore, it is non-invasive and safer with low-level nonionizing radiation compared to the X-ray mammography. Therefore, it has the biggest potential to detect the buried objects, non-destructive examination, investigate the materials electromagnetic properties, and non-invasive medical diagnostics [5] [6] [7] [8] [9] .
The goal of the microwave imaging is to make use of the scattered data received by the antennas to reconstruct the information (shape, location, and dielectric properties) of the embedded object. Since the microwave imaging is a non-linear inverse scattering problem, it must be solved and regularization is needed to avoid the ill-posed nature [10, 11] . This inverse scattering could be coped with either frequencydomain or time-domain. However, time-domain has been revealed that it has the potential to reconstruct the dielectric properties more accurately [4, [12] [13] [14] [15] . Currently, several timedomain inverse scattering methods have been considered, including Lagrange multipliers technique by Rekanos [14] , the time-domain inverse scattering by Winters et al. [15] and the FBTS method by Takenaka et al. [4, 12, 13] .
In this paper, the 2-D FBTS algorithm extended with the integration of the edge-preserving regularization technique. The edge-preserving regularization technique is aimed to solve the ill-posed nature occur in the above FBTS method. Thus, the combination of the FBTS algorithm and edge-preserving regularization technique can enhance the reconstruction in terms of convergence and stability of the optimization technique. Preliminary study of the simple object is explored to determine the efficiency of the combination for both schemes.
II. FORWARD-BACKWARD TIME-STEPPING METHOD
The target of the electromagnetic inverse scattering problem is to determine the object's shape, location and electrical properties (e.g. permittivity, and electric conductivity, σ). Fig. 1 shows a typical configuration of an active microwave tomography setup for FBTS inverse scattering in a two-dimensional field with an unknown object is placed in a free space. The major problem of inverse scattering is the method to reconstruct the electrical properties' profile from the knowledge of the transient field data measured at several antennas for each illumination. The FBTS technique is used to measure and compare the errors between the measured and simulated microwave scattering in the time domain. Initiating the FBTS procedure, the transient field data are formulated as an optimization problem with the form of the total cost functional , to be minimized.
where the first term, and the second term, , are as shown below:
where is a medium parameter vector function given by
In (2), is a non-negative weighting function which takes a value of zero at time (T is the time duration of the measurement), and ; , and , are the calculated electromagnetic fields for an estimated medium parameter vector and the measured electromagnetic fields due to the m th source, respectively. In (3), is the auxiliary variable vector [16] and it known as a discontinuity reference. The function is the potential function which defined in [16] . The parameters of are attunement parameters which equilibrate the effect of the regularization term and the residual term. The parameters of are threshold parameters which determined the value of the gradient norm which a discontinuity is introduced and without smoothing.
To solve the problem, the principle of alternate minimizations is applied on the total cost functional , . First, the auxiliary variable vector are fixed and (1) is performed by the Polak-Ribi re-Polyak conjugate gradient method [12] .
Second, the parameter vector is fixed and (1) is minimized over the auxiliary vector and is given by [16] .
This procedure is repeated until the total cost functional achieved its convergence.
III. NUMERICAL SETUP
In FDTD lattice as shown in Fig. 1, 16 antennas are placed surrounding the Region of Interest (ROI). Each of the 16 antennas was used sequentially as a transmitter and the remaining others become a receiver. So, it has a total of 240 transmitter/ receiver combinations. The grid size of this FDTD lattice is configured as 1mm x 1mm. Sinusoidal modulated Gaussian pulse with center frequency of 1GHz with a bandwidth of 1.3GHz is excited at each antenna.
In this paper, we consider a simple rectangular shape of object is embedded in the ROI. For free space object detection, the ROI is to be immersed in a free space with relative permittivity, 1.0 and conductivity, 0.0 / as the background medium. Assume that the shape of ROI is a priori known which is 30mm radius circular model and the initial guess ( 13.7 , 0.1 / ) for the simulation is slightly near to original profile of ROI ( 9.98, 0.18 / ). The embedded object has a size of 20mm x 20mm and located at the center of ROI. Its dielectric properties is fixed with 21.45 and 0.45.
In the [10] and [12] , tuning parameters and the threshold parameters are determined by the numerical experiments. However, in this paper, the tuning parameters are determined by taking the conjugate gradient as a reference point while the threshold parameters are obtained by the numerical testing.
There are two results presented here. First, the simulation work is done with the FBTS approach without regularization technique. Second, edge-preserving regularization technique is integrated with FBTS to reconstruct the original profile.
IV. PRELIMINARY RESULTS
In this section, we illustrate the preliminary study on the performance of edge-preserving regularization technique. Before the simulation start, the original profile which has been used to generate synthetic data as shown in Fig. 2 .
In Fig. 3 , we present the reconstructed profile by only employed the FBTS technique. The results showed that both the relative permittivity and conductivity are successfully reconstructed. The embedded object can be clearly seen. However, the ROI is rough reconstructed as compared to the original profile. In the relative permittivity profile, a concave curve can be clearly seen in the surroundings of the embedded object as shown in Fig. 3(a) . In Fig. 3(b) , it clearly shows that the conductivity of reconstructed ROI is irregular on the surface.
In Fig. 4 , we present the reconstructed profile by utilizing the combination of FBTS and edge-preserving regularization technique. The results shown that the accuracy of the reconstruction is increased after integrated the edge-preserving regularization technique into FBTS. The concave curve found in the ROI of Fig. 3(a) is smoothed and the discontinuity is preserved by using the edge-preserving regularization technique as shown in Fig. 4(a) . Nevertheless, the uneven surface for the reconstruction of the embedded object is also improved by utilizing the integration of both techniques as shown in Fig. 4(a) compared to Fig. 3(a) . Besides that, the integration of both techniques able to reconstruct more accurate conductivity profile as shown in Fig.  4(b) . The ROI is smoothed and the value of conductivity of the embedded object is closer to the original profile.
V. DISCUSSIONS
As mentioned previously, microwave imaging is using the scattered signal received by the receiver which this signal is representing the data for inverse problem to reconstruct the unknown object. If the inversion process is perfectly performed, the information such as the location, shape and also the distribution of the dielectric properties can be perfectly reconstructed and the presence of embedded object can be detected accurately without damage the unknown object.
However, the inverse scattering is non-linear and ill-posed nature, it is impossible to perfectly reconstruct the unknown object. Thus, edge-preserving regularization technique is introduced to cope this problem. In the section IV, the integration of FBTS and edge-preserving regularization technique shows that it gives a more accurate result. This can be proven by using the Mean Square Error (MSE) as follows.
where , is the original profile, , is the reconstructed profile and , are the dimensions of the images. From Table 1 , it shows that FBTS with edge-preserving regularization technique give a lower value as compared to the without regularization technique, which means it is lesser error and more nearer to the original profile.
VI. CONCLUSIONS A numerical iteration technique applying the FBTS algorithm in time-domain has been reconstructed. Due to the ill-posed nature of the inverse scattering problem, edgepreserving regularization technique is integrated with FBTS to avoid being trapped in the local minima during the minimization of cost functional. The integration of both FBTS and edge-preserving techniques is proven that has the potential to reconstruct the relative permittivity and conductivity profiles of the unknown embedded object more accurately. Thus, edge-preserving regularization technique has play important role to smooth the homogeneous area and preserve the discontinuity. In order for the algorithm to be useful, noisy data should be implemented and more complicated model should be tested. This is the concern for further research.
